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(57) Abstract: A magnetic recording medium 
capable of restricting the effects of thermal agitation 
by simultaneously reducing an average grain size of 
magnetic crystal grains constituting a ferromagnetic 
metal film and their standard deviation without 
changing the film thickness of a metal substrate 
layer and the film thickness of a ferromagnetic 
metal layer forming a recording layer, a production 
method therefor, and a magnetic recording device. 
The magnetic recording medium comprises a 
ferromagnetic metal layer consisting of a cobalt base 
alloy formed on a base material via a metal substrate 
layer mainly consisting of chromium, characterized 
in that a seed layer containing at least tungsten is 
provided between the base material and the metal 
substrate layer and the seed layer is a island-form 
film. The above structure requires that the seed layer 
preferably contain chromium in addition to tungsten. 
The production method for the medium comprises an 
intermediate processing step consisting of a process 
D of dry-etching the base material and a process S of 
depositing the seed layer on the base material. 
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(bU&SXII) 

*38Wfc:&3ii&8iax@tt\ ffcK&rtfcXflc&EMU Sf^©^^S*T*ffE 
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r^Jixfi) 

ifti^j£;>J#H^i-:fc^T, ±fe^Bi)Maxm^^^fcS^(C*f Lt K7-<x-yf 

- K« X*IS, ^/>^< £ ^ i ni^Xtf *>*i-5 t»Tfe5o 

£fc, ituiStF^SXS/^ IgDSl>XgsUBi, ±7&Ltzm!&mX.m\z 

HflES^^0f^^^#fflm^ili-XgO^ : H r iiLfc«^<5: LTt <fcv\ 
huIEXSScd^^v-- KJB 1 2 Sergei fCte, 5 iHJ^J-C 
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ft ft 3 i 5 K £ * 5 £ £ # T*£ 6 o 

(1) DSM : IgD^IgS 

(2) SD|fr:IgS-»IgD 

(3) : IgD^IgS^IlO 

(4) SDOlft:IgS^I|D^IgO 

(5) DOSl«C:lSD-IgO-IgS 

(6) DO S Dift : lSD-*IiO->IiS^IiD 

(7) DOSDOi|ft:IgD^IgO-»IgS^IlD-IgO 
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gs £xgo^k&5teo*a^iti:*fc*?ffr&i\ 

(ttoiis) 

*Xgt*3»tS^JSTffllStaifflH±^JRS^fi£^«fefc Lttt, ft*"*" 
6*5^ITl!iiC o C r T a P, ft 5 8fl£t£&JRJI ^M#tcJt» $ it 5 

&JRTJSS1 3 £#LTCo fc5»8N±&JRJIl 4 tiT ft 

5«&!Bfi&fc-eB\ &MTJfc;i 1 3 ^«J^1-5 CrgiJS (2 0 0) |2[bJ L, ^ 

<n±iz&m&&mmi 4&^\?f*isJrA'f&&LT (no) KfaLfc#e>£dj 

t5©T, ^MTiftii 1 3©M H B aiafrttT*koTMtt&JlJI l 4<0gBfa&£& 
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mm&mPCT/ J P 9 7/0 1 0 9 2-§-^#(C*D^T^^LfcS^T'fo5, 

( K7^x y fy«) 

1*1 g 7^*1 fcgftl lC>PfLt, i«iJ^& [^JxiiRF (radio frequency, 

13. 56MHz) ] nMfrt>£MmE.%3)M1- : b^&, ^^t>>4>Z)mfflfoX'<y ffctflfr 

fcg#l 1 {CR Fm^^Pn^D-rS^fcT'tf o/c D ^<D|^ % Ar^Eiil~4 0 
[mTorr] #£f£L<, #J;ttf200 [W] WRFtA©!^, ^SB#^fi 1 ~ 
120 [fj>] (T^li <t £V\ 

r rmm 1 3^«ttRi 4 *m&-rzm, gfci 1 test tr**©^ r^mjE 
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(2>j£R$^^ttttM^)Jaftttietf£ (Ms) ^(£T-T5o 

(MTiAff^M:lfttttt^|(J|«:^i-«j$m0!)Siail|$|Sr) 

r^^Tifll^ l 3 XM:3*«tedfeJRJg l 4 (^tSAiSofiliXS 

3I©«-»TH:, ±K©a3tXffi**«V^»^ 1 0' 6 ~1 O-'To r r £ 

2Sr«^.fc«Eflcfl. 2JiiK£&#l 0-' [Torr] ^(DM^ttlMl 4 £JB 
(^JRT*SXH:aSiaH4&JRSSr7^fi!ci-5RoSflc©itigaS) 
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Mil 4&^#1-5IS<7>£fci l<o^®fig£ v 0f^OfiS(c«ofc«)tc*^- 

Ra) 

t LTIi, Mi fcf RANKTAYL0RH0BS0N tt^TALYSTEP & ffl V % P> ft 5 0 
1 OtS^j/ K(?5SiBR±iSfiS«!atfJB»-r5 (Contact Start Stop, CSSir 

t\ R a wt*£v\£#S* tv\ 

ftoT, SfM R a ©Soffit ft/hMfi. .ti&Lfc&ai, M 

tf>#±i;^ 2 /x inch£>^-£ij\ R a = 6 nm~ 8 nmX*h% 0 
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ZtliZttLX* *36WI-«S'>— KJP 1 2 H\ R a ^ 7 A (= 0 . 7 

i 3 i 4 ^ffiji Lfc#*w©&fm* sfltss t r&r t 

T/l^ = *A£&gfls:o^®t£^:ttfc (Ni-P) KlcatLT, WB'JfflO 

[^ffifi£ R a # 7 A (= 0 . 7nra) ] \Zj±±lf fcl^^ffi 1%T V> 5 CD "C\ 

^2 4H»±*|gW^«S«^tiB®3ggO— WSr^-TffllWfffiia-Cife?) , If? 2 5 HI 
*3§BJ! £$3M£8tt# l 0 ^ixfc^^t^-^oHDD 

35 2 4@t*fJ; 5t-x &£k£&3gfi3 otli, g^^r^-r^-'>>^3 1 <D 
ftgBKMft (IS2 4 0lc^t«il"ett5ft) OlK^IH^^l 2 
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z(o\simm3 6\zm$k(ox4 isyT-j±3 7 1 ow\zmmi-z> 

<05fci»<W£ttH#*#©n — K7 — A3 8HLtl^y K3 9 9 tttt 

^7^^o- K7-A3 8©^M{C^ft?>iX^:v?^^/ua5#{C«toT# 
ttt^^tLTV^o «^3/ K3 9ii^-r y^7-A3 7(7)Sib^ £ t>fc$:^iE 

^^fy^7-A3 7 *&®&&xm%.^y K3 9 SrMfiftlt^ 1 0±£>ft 
tofit^lHtlSGftK^l 0£«j£-r5&8M4&jRJI (IftGM) 
l 4l:I«Ay K3 9©3g££-£fc&#£f£M£-££r tfl^E&iftl 0 

zSr^SftS^-ca^y K3 9 l OiottSoftfH: 
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(mmmi) : ds^ 

/i<H^y^ry (W) Sr^pf S*J|^-KJi*l!WS»**«i»*-3fc 
§£fi LC30 1 3 : n- Kny^ilUk*frfilM).-e&«K iTWl^f 
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mim 





IK ^ m 




A l — M e T^lSl 0 ,/ m 6T) ( M i — P } 

1 ivx g nj JiZ. L 'JLa: ± \J fj, III v./ \ IN 1 i / 

#>-o£i£tt#] 




8 9mm, 

f^^ff* R a : 7 A^T 








1 0~ 7 [Torr] £WT (±mkkmt) 




A r (^M^Jft^ : 5ppm^T) 








5 im 


• A r 


2 [mTorr] 




2 0 0 [W] 




2 0 0 CC] 


[v— K» 






W m& : 3 N) 


• A r #*JE 


5 [mTorr] 

2. o [A/SO : 


• KJS 


1 nm (fiUMi^Hi) 


[MT*I©M^#] 






Cr (Mft : 3 N) 


• A r #XJ£ 


5 [mTorr] 




i2.5 [k/m 
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• mm 


1 0 nm 0£RSl£J: 9 


• A r #*JE 

■ mm 


Co 78 Cr 17 Ta 5 [at%] : 3 N) 
5 CmTorr] 
15.0 [A/tJ>] 

i o nm {jSLm&&£Qnm 



(A 1) liUttt, rt/^g^2 5 mm/ 8 9 mm, J?£#0. 80m 

-o-^S^(0^ffi±(Cfi N feo^jfe(C«t|9J?$10/imO (Ni-P) Ml 1 b £• 

s^ttfco :o (Ni-p) m<Dmffitemtemt£^&i-em¥-mwm£titzb(DX'h 

#^-cv^\ (n i -p) ri i b©sia^M^^it$ 

R a # 7 Aj^TT*fcofc 0 

(A 2) IfiSftl 1C#LT, S^-rSfiJcRoMfC *«tt*5J:tffc¥ttfc^ 

(A3) ±m<D%L&&m&&A,tzmfti i% x x'<vfmw<ot£&mizmw.£ti 
xtt&m<Dftn&. mmnQm&i o -Morris ttezzx'&mLtz* *©n, s 

(A 4) fti&£ (fts??:/^^ ^^S^^5ppm^TOA r 

gAL#;*E£ 1 OmTorrt Lfcft, S# 1 1 (C^f LT R F «jgj&»&Br£<&SJE 
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#11, Xxf£jj 2mTorr > 2 0 0 W, Jftl^5#Hfc 0 

(a 5) i-;fy^f)->-pififfl©)Siii^ mm<Dmw*^y-z 

&®Ltz 0 &mLtz'&hmWl 1 (i, ^fl-H^^T. 2 0 Otl^nHi&^L 
7c 0 fit, J5jcMSl IZ*mzmmn&BWl 0- 7 Torr££T*^L-t&9, HfJfS 

tz a is-FrnftumtD?—?*, b tvxtt, w {mm-. 3n> £fflwc 0 

(A 6) fi£g|£l Otfjf-A r ^^iALfiSlil <E>#*jEE£5mTorr<!: Lfcft, 
K112MLfc (tlSftllgoiis) o 

(A 7) j£JK£i ^^«T*IM«i2l: > mu(omw*;\'y-$:® 

T«if^Kffl(0#-^yhHm Cr (««: 3N) SrfflV^fc. 
(A8) ^I2(D^|CA r £jgA L^j^m 2 <D#*BE£ 5 mTorrt tfc^, 

»&* % c r hit*'*? b tw-ftisXttft-rzumz 
fc5i*©ii±c, &mri&m 1 3 1 Lxmmi 0 nm ©c riwit 

(«*BaxS©&JRT«lJi0^fig) „ 

(A9) CrlMLfct^ ^K^2^?»ai«tt^JRJif^S{ffl<z>^K^3{::, 

2 0 0 < Ct3»«»*SpLfc„ {IL, fifcRS3l4^iftS!lM^aSi 0- T Torr-&4 
T?#*L"C*>!K lftlB<&£#*^-fctt«M:, dtRi2fc|jE«i , 30IBCfc« 
KT^yiiSCfco hfcLTtt, 78a t%C 

o, 17at%Cr, 5 a t%T ai»?,/£5^-^? h (*ff:3N) Srffi 
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(A10) IM3«f|:A r ^^AL«i3 (DjfXj±% 5mTorr£ LfcH, 
C o C r T a 9 — Y b j?r£tf)mj± St^P Lt^7 

LTfcffil-StfcBfcfcS C r H^lft^Sffiil:, &BM±&JRJ| 1 4 t LtH 
JP1 0 nmcDC o C r Tal^lSLfc (tfclIg©^lMll©M) , 
(All) CoN i C ri^Lfct, J*R£3j&»&JR0tiJL£fCfi!lfE£>£ft:# 

±IEXa (A 1 ) ~ (All) fc J: <9 % ^WfifejJSA 1 /N i P/W/C r /C o 
CrTa^f,45l^EiI^ [«Tt'im« (W) ^TO^So ] <£>ffcK£ 

2 ) 

trw 28 c r mm ■. 3 n) m<Dunmmm 1 t-c, s# 

filc^A 1 /N i P/WC r/Cr/CoCrTa A» P> ft 5«5C3E«|£fl: [«TT* 
ttSWa (WCr) tPf#1-5 0 ] £ffrKLfc 0 -fftfr*,, *#lT'f£MLfcg£#: 

(Jfctfcfl 1 ) 

A 1 /N i P/C r/C o C r T a 3ft3fetf>iKj5iE»jK# [KTt' 

fit*** a (M) ] SrftMKLfc. 

(Jt«« 2 ) 

ft&O/SJiUM 1 iHiJfiS*: LT, liWAl/NiP/W/Cr/C 

j 
I 
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oCrTa^t>^5iaEiI«t [ftTt'TOa (W f ) tW^S* ] £ft 
SLfc, W->-K10lfli5nmR/: 0 
(Jt&^ 3 ) 

iLTCr (fcfc,g : 3N) te<D,&(230£#i| 1 <t [H^ t It, JSM^a 

1 / N i P/C r/C r/C o C r T a *>&tt&tt«UEftttft [WTT'ttK^fo 
(C r ) i:TO-T5 0 ] £tfUKLfc„ 

SB2Hli, mfi«10«£frf^»*#^j3^-c, Sfrl 1 lliWv'- KS 1 2 £ 
(sem) T-«SILfc¥K-e*>5. rrof^J;^ w->-Kli2li, -jfcTcftj 

H4(D$ig5:Sjiifiai (t.em) -eaaij (f*^ : ss^i) l^tem 

3Wa (W) ] , &4 0ttftttroWC r KS&Kttfc&fc [^I«2 0tt^ 
« (WC r ) ] , *5H»4'>- Kfltf&t^gfttt: Utmm 1 ©f*^a (M) ] , 
»6 0fispffl*-ft7ctt©WV- KJi£&ttfc&#[Jfc«tt2<0t**ra (Wf)], 
*7Bttft*OC r 5/-K»SrKltfciSE# [Jt««3©W»a (Ct)],Ofe 

-K*©*6V^*jKfl: (15 0) ICJt^T, &m&&mm&ffiJ&irZM&&&1iSL 

-rz> 0 
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-2fc5c«©¥fflBt*»5>*5W'>— KJiSrRrtfcjK* (^6 El) fi. v- 
- KS©«SV^*«tfr ($5@) «£•?, ¥$&&ifi#©*SS^*o&ttli;(jn1-5 

*»e>*6w->— KJiSrKrtfcJifr (16 0) ±m®<D%}%:i>m^t#mL 

C.V. grain, £#tWr t K« 5 D $ fc£ 2 £fcfi, VSMtflU 



fT23g 





d [nm] 


a [nm] 


8m#* 

C. V. grain 


Hc[k0e] 


AM[%/¥] 


a (W) 


9. 8 


3 . 2 3 


0 . 3 3 


1 . 5 0 


8. 7 


a (WCr) 


9 . 5 


3 . 10 


0. 3 3 


1.48 


8. 5 


a (ft) 


10. 8 


3. 6 8 


0. 3 4 


1 . 5 3 


10.7 | 


a (W f ) 


11.5 


3 . 6 7 


0 . 3 2 


1 . 5 0 


10.6 


a (Cr) 


10.6 


3 . 5 1 


0 . 3 3 


1.55 


10. 6 



®&ftk&mrmm k<7>wzB,ft<DWis~ vrnzmnitrnw [a (w) ] « % 

K»a>ft^f£*«tft [a (ft) ] fcJfc^-C, »att^JRSSr«fig-t- 558Htfe 
fitter d i * Ol*ffli a ^PWlc/h* < /j; 9 , ^o. 
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©W->- KJ1KC r SrtSJPLfc»^ [a (WCr) ] tcfi, _hE®0>«|6j#JEfc 
®-^, ¥ffl*rft7ctt«z)w^-K«S:Rjtfc«Efl£ [a (w f ) ] -ct±, 

«C. V. grain|±3gft/«C < % SISBMbOSEft;^ A MfcH LT bflfcl*. 
®tw6dS, ±IE©Offl|fi](i&^WC r h*m&mtftcm& [a (Cr) ] T* 

fy^l^HifrSft 1 1 ±(c>&< H^y^fy^tt5->- KS 
1 2 i/-KIl 2 _b{^^MTlfe^ 1 3S^1M1I 

fc4>fc< <b iW^tj/iSi/- KJf 1 2MU CoISIIMIl 1 4 WigSEfitt 
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-t-^^^^pji-^st^^axs^, iiD (ifti:*fLtK7'fxs'f>^ 

Jl£&4£^±tm£-tf5X*i) i»f)40 t jftgEXHS. a&S2imD0>J|gfcfi l :bJx3 
Iwo^rfttwrs. iwgl^Sti; , K#±lw'>&< i hf^fxTy (w) 





R £ fit 




A 1 -Mg^ [ill OnraO(Ni-P) 




8 9 mm, ^ ^ ff^ 




7^*^-r$S % R a : 7 Agf 








10-' [Torr] ttUT (iiHPC) 




A r (*#fi4&»& : 5ppra^T) 








W mm : 3 N) 


• A r #*J£ 


5 [mTorr] 
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9 n r A /*M 




ft c: _ C r4) n«f y- n ilj \ 

u. onm (mimm/Si £ ') Mai) 








1 0 [#] 


• A r #*JE 


5 [mTorr] 




5 0 [W] 


• Sottas 


2 0 0 [t] 








Cr mm : 3N) 


• A r #XJEE 


5 [mTorr] 




12.5 [A/#] 


• mm 


1 0 nm (j&JUjigJ: i9^t±5) 






• h<r>nn 


Co 78 Cr 17 Ta 5 [at%] (fc£^ : 3 N) 


- A r 


5 [mTorr] 




15.0 [A/m 




1 0 nm (j£g|i$£<fc <9»ffl) 



5 mm/ 8 9 mm^ J? <^ 0 . 8 0m 

££«<Z>SE±J;:I2. #>o#j£(Cj; 9J¥£ 1 0 /z m<D (Ni-P) !g 1 1 b £ 
ISttfCo ^ro (Ni-P) l^OSffili^a^^^&r'S^itW^^^/ttOT^ 
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tt^T^ft^ 0 *MxR\^tc (n i -p) sf i i bOTi^ii^^M^ 

R a 7)5 7 Agmot 

(B4) ftiA^b->- KJifmfflMJ^l 1^. MIBWS^*^^-^#iJ)L 

fc. ^ifrLfc^fcHfe l Hi, mH>m9>znzx* 2 o oVlzUam^Ltc is. 

- YMftUm(0 9'->fy V t LTtt, W (MS : 3 N) £ffiWc„ 
(B 5) j&Jg|^ 1 (D tp Id A r tf^ZmX Lf&mm. 1 M*JE£ 5mTorr<h Lfc^, 

Lfc„ ^KiLfc^fcSft l i l^yvytt, 2 o otlc^DML fc 0 

x-yf-fr&foiC* ^ftft&gioS SppmCOA r £>IA L#Xj± £ 1 OmTorri 

^S^i^Lfc (^MillWIgD) . #XJ±^ 5mTorr, 

JDfl* 5 OW, t&mmffl 10® b Ltc 0 
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Ctz e &mTMmi¥Mm<D?-7 y b t ltl±, Cr 3N) £fflV^c„ 

feSSftO^S-hK. ^MTlfe^ 1 3 £ LTflimi 0 nmWC r jf^JFML/c 

(B9) c r mzmf$.Ltc&. &wiM2frh&Mft&mmttmm<D&mm3 vi s 

2 0 Ori^ngi&^LfCo at, ^^^3{±*BUi^5lJaK^^^ 1 0- 7 Torr-k£ 

b*Ts</u-7amctc 0 %zm®L&mmftmm<D?-'f-y bt u-cti, 7 8a t%c 

o, 17at%Cr, 5 a t %T a y b : 3 N) fcl 

V*fc. 

(BIO) j£i&£3 O^t-A r #X £gALj&lg|^ 3 (DtfX&fr 5 mTorrt Lfc^, 
C o C r T a 9 — ?y V \Z.W8$MMfc bffi fevn.E.ZftUJQ L XT* 7 X-? 
£-&tz 0 Z(D'&%z^ C o C r T a ^ y 9 ?~¥y b tW-fi 

LXMfa-fz>fam\z.hz>crmtt%mfr<Dmffi±.iz^ nmvk&mm 1 4 <t ltji 

IlOnmCCoCrTai^Lfc (&&gI;i£<D&i&t£&m/I 0>J&J*) 0 
(BID C oN i C r m*MJ$.Ltz'&, f&m^. 3 <b 0 tH L^{CfjiEOS^* 

±ISXm (B 1) ~ (Bll) J; «3 . JUi^A 1/N i P/W/C r/Co 
CrTa^^/j:5l^EiI* [WTtliltlH3 (W) fcPfffc-T*. 3 Of£l!!£ 
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<DBMZ S EMSgftft-tMRfflj Lfc<t WJCiSWv'- K^^HJig^) l Xft 

LTW 54 Cr 46 £& (mig. : 3 N) IW^Iiilfj 3 <b |^^<h UT, Iflf 

j£#A 1 /N i P/WC r /C r/C o C r T a frhtt 5M%.Ummfc [«Tt 

(ii***/3 (wcr) ^to-t5„ ] zKMLtz, i-*t>h. *mx~ftmLtcmft 
*0ijT-ii, £mm3<d->- h-mzmv-r, i&<D&i$mMm3 tmrnttx, m 

Mf&tfA 1 / N i P/C r/C o C r T a ^ P> ft § %^k<DWL%Mm.^W [«Tt' 
lif***0 (SO ] ZftMLtz 0 

(Jfc&0i|5) 

&Rtf\ ft&©,£{2^i£0ij3 iPJfllt Lt, mmtiWA 1 /N i P/W/C r /C 
oCrTa^W5lMESW [J^TT'fif*** a (W f ) t^-f5 0 ] £ft 

(Jt^6) 

HtCr : 3N) ftil©.£te|llfe0lj 3 <t mU t It, Aftj&tfA 

1/N i P/Cr/Cr/CoCrTa^f,/i5Kl2W [£lTT?ttK» 0 
(C r) t^tM"*. 3 £f£MLfc 0 

I14(D^I5:Ii^iM (TEM) -C^SO (ffifSp : 8 5 Jjffr) LfcTEM 
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•W0 (W) ] , »9Bttft#©WC r ^-KJlfcRttfcjfcfl: [HJE01J 5 co^^ 
0 (WC r ) ] % f&l 0@li->- Klri^V^^J&fr [fttfctt 4 <Ptttt 0 (*§) ] , 
mi lHI4TOft-ft5cttOWi/-K«SrttJtfcjSC#: [Jfctfcfll 5 ©K^ j3 (W 
f)]Jl 2HI(i^^(DC r >- Kfi&Rttfctt#[Jfc««6<0K»0 (C r )L 

®<>- Kiroi^t w (iioH) tetter, sfrfc&jRTiniJitoiBjfc 

So 

KJiO*V^3fejttE# (110 0) (CJt^T, ZHJC7c*t»¥aiSi6» 
e»<CSWS/-KJiS:Rftfc||ft: (fg 1 1 HI) T'(i, *£6tfc&©*# l^jBftflHF-© 

^5c^«3pai^^e>*5W'>- KJB&RttfcjH&fle (Ml 11) Kl*, ±|E(D©Sft 

®->-KS©&V^3fc&# (1100) (Clt-<T; ftt^C r «>- KJifcRft 

(mi 2ia) -et±, ^tt^m^^«j*-r5^M H B H ^{i, ^hmo 

^ <z> ic # -f 5 « fpj JL ffl * ti It o 

l-^&tt^&^OTOMd [nm] % lttg B B H ^»I?iio [nm] , 
C.V.grain, t lC»«>fc»*-Cfc 5„ *fc|4ii:|J, VSMt* 
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%4m 





d [nm] 


@1|B^ 

l/J> i WTTJ / 1 - 

a [nm] 


i-it- i^n yj MA 

C. V. grain 


fsr* UAA yj 

Hc[kOe] 


0 (w) 


8. 0 


2. 5 2 


0 . 3 2 


1.49 


0 (WCr) 


7. 7 


2. 3 4 


0 . 3 0 


1 . 5 0 


0 (&) 


1 0. 8 


3 . 6 8 


0. 3 4 


1 . 5 3 


0 (Wf) 


10.7 


3. 8 2 


0. 3 6 


1 . 4 7 


0 (Cr) 


11.0 


3. 8 2 


0 . 3 5 


1.47 



3/- K«©*v>«*«c«: [0 (ft) ] ^it^<x, &m&&mm$:mj%i-2>mvk® 

C.V. grain t»'>1-5„ ±& L -5 ^-Oi&MiH^j&ft: 

©Wy-KItCr5:ttLfcl^ [0 (WCr) ] fctt, ±fE©tf>#l6jJ& J #fc 
v — K^«>Mlr^3lefiK^ [0 (*) ] KJfc^T 3 o%e«'h 

©CtUcttLT, ¥±a^-^7C^»Wv^- KJi&RttfcjKflc [0 (Wf) ] t 
B\ ¥^«tSw-t->- KSO*SV^*«E«: [0 («) ] tramg^ras, &9iBi£ 

a ^M#efcC. V. grainM^D U «^]Hc tffi^^i^t,, ±I2(D<DM 

W<>- KJfKC r £j&&nLfc4§3- [0 (Cr) ] ±fB(D <t fi#<£> 

MIrJ% t^b^fegd, «*<BSSaXU«*S[g^»C.V.grainAS^T*«>DDi-S 
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i/- b'M l 2 _hlc&JST%JI l 3&tFMtt&JRfli l 4 £ HI 
iilttWy- h*I 1 2££#i Ui:Mtt5©T, *©±fc:Je&*S»3*fc 

tto 

^JRTflfiJil 3 ©«|J?-^iE&JI i LT«fg-r53£fflH4& 
Mil 4«RJ?S:$5t5ri:«:<, Kll 2 ©f^l^ftl: «fc o X 

*^>J-C*{4, ±|EXgO<t Lt> rflljagft£3 x 1 0- 9 Torr£-C*JEE& % 
#*££AU 1 X 1 0- 7 Torrtf>MJ£#ffl^fc::^T£;&^ffi£$?3?f-e3 5 f)>$\ 

U UttlXlO " 7 TorrT' 1 0 1 . 5LH1X10 ' r Torrt? 1 5 
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MM. 3. 5 Lf± 1 X 1 0" 7 Torr-C3 5#W#mi-^^i-5„ ftib\ 1 LCo^ 
T, 1X1 0- 6 TorrT* 1 ^©ilft 1 x l 0" 7 Torr-Cl 0#©IIifI^ft 

CirSr^ltU Wlflil X 1 0- 7 TorrT-#^B#^3 5f>tf5Ctiaoti 
m$kft%3. 5 L i Lf; 0 

j|#ftt[Cte N Ig (A 6) tig (A 7) t©f B 1t:^Il (C 5 - 1 ) ~ (C 
5-3) SriiflPLfco 

(C5-1) Hfj|BcOSfr^/W^-^^K)b 
(C5-2) *&Mrt^£S<Z>$^#*£*AU 1 x l 0- 7 Torr<DMi±#ffl 

^k^-cs^i ico^®^^^x*3 5tmmmLtzi%i 7H(c)-»(d)]„ 

(C5-3) &mtfX<DmA*W JtU &M09lftJlg£fr 1 0 - 9 Torr& £ T' 

HTW,,Cr 12 ^ (ftft : 3N) £fflWc 0 

fao^»mifcflf« 1 tl^lii: LT, mffif&frA 1 /N i P/WC r/C r/C o 
C r T a *>&&&ftft£ftjtttt [HTfli^y (DSO) ] 
§S!Lfc 0 

(*JB«SJ6) : SDOlft 
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*rs#^©#xaiK»©«S:»»fiiiiSr'g'*>-e:-c*lxfc. 

^3 x l O-'TorrST'Mffi^, 8&*#*fc$AU 1 X 1 0 " 7 Torr60MJ±#Hm(c: 

&#Wfcf±* It (B 6) tig (B 7) i WfflfcJfc^Xg (C 6 - 1) ~ (C 
6-3) ^rii^ntfco 

(C6-D ^yf-yymfrbmmm&RKD&mmz^ mm<Dmfc*/u?-zm 

fit, M^li*Hlf('PJ»*^^^ i 0- 9 Torr££-C^mL-Cfc "9 , itufE^Sft 
(C6-2) M^fffl©li^^5;|Al, 1 x 1 0 - 7 TorrCQ^J±#H 

si^v^TSfri i (vmrnzmmx* 3 5M5isifc[ii 80(c)-(d)] o 

(C6-3) @£^#X<7)*fA£f?Jt U ^S^©?iJ^K^S^ 1 O-'Torr-^^T' 
A!!.31^^?>dfeJRTll!lJif^3Sfflw^JR^2{c, iflE(DSfr*/wy-^^») 

fc£U ± fSt!f K®t LTWC r KfcJflV**:. t-ftfr*>, HJ£ 

tLTW^Cr^i (MS: 3 N) fcffl^fc. 

te^^>(ilim^l3 tl^^t It, iffAtfA 1 /N i P/WC r /C r /C o 
CrTa^f,45l^EiI* [KTt'li^y (SDO) tP^-fa. ] £f£ 
$3 L/C 

(^«J7) : DOSlfr 

IgiK ISD« HO, X^S(7)]lS(CtTt)tl5^^ 1K:*MS:EIT 
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^3X1 O-'Torr^-C'MJEm, ®?5?f £»HA U 1 X 1 0 - 7 Torr£)j$J±#HfU- 
*3^-tSffi3tffi£8&m-C-3 5#f B ]iIt5MI^tt (S£fit#ftS3. 5LM 
£#) J £ffl^fc 0 

^ftitt^li, Ii (A4) tXU (A 5) .tOP^&WXig (C 7 - 1) ~ (C 
7-3) £i£#DLfc 0 

(C7-1) ^^^■^^S*»f>»*#M©«l31^tC, HfifE©S#*/l'y-£# 
ft Lfc„ ^ILtt tMl 1 ti, #^^7^^(^T, 2 0 OT^M&JtLfCo 
G.U *L!&tt9l3if£PI£R$&# 1 0 " 9 Torr-& £ "Cgl^ L T ifc <9 , JtufacDgft: 

(C7-2) M3S^^^Bff^ft^»^^^^^^AL, 1 X 1 0- 7 TorrW^JE#H 

^efc&^rsft 1 1 (Dm^zmmx 3 5 mamm Ltz {.% 1 9 a ( t> ) - ( c ) ] . 

(C7-3) B£fft#*<£>2*A£f?lt U MM<7)£lJi§Sf£g£- 1 0 - 9 Torr££ T* 

HtW !8 Cr,,^ («Lg : 3 N) £ffll^c 0 

f&W/£JiHI£#J 1 tPl^t LT, JUtj&^A 1 /N i P/WC r/C r/C o 
CrTa^f>45«ftl2S»* [ElTTIi^y (DOS) i»t5 0 ] 

l>- o 

: DOSDltf 

xmxtis mmmi (Dtpffl&mjLfezm&'tzxmD tufas i©st, s# 
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bWs&, -rtet>*>*%wicmztpfflfi}imT.mtiK isd, igo, igs, ig 

15! 1" 5 Ig t ^^^m^^®f E i Sr-S^-fr-C ^ L fc 0 

5:3X1 0- 9 Torr£-e^J£&, ^9H#*£2gAU 1 x l 0 - 7 Torr^Mffi#IS^(C 
*5^Tg4K^ffi£@£ijT3 5#&m^1-$M3H* (@£l?t*ftft3. 5LOffii 
£#) J £/BWc 0 

^ftftlCfi. Ig (A 4) tXn (A 5) ^©igi^roig (C 8 - 1) - (C 
8-3) §riiADi-5 t t Ig (A 6) <blfl (A 7) i©f a 1(^©Ig (C 

8-4) ~ (C8-6) ZmULtZo 

(C8-i) ^yf-^^^^e.^^#^fficDMs^(-, itui2ogf£*^*-£& 

(C8-2) ifiilrt^fiWUi^^^lAL, lX10- 7 Torr(DiE#l 

^ic^-tsft 1 i (Dmmzmmx's sfmrnrnvtz [i20@(b)^( c )] o 

(C8-3) ^^^^W^A^^JhL, MMW§iJiiK£g£ 1 0- 9 Torr^*T* 
tz 0 

(cs-4) s/- kjp i 2 ^^iSL^^i^^i fr^^y^i/ympuz^ mmnm 

(C8-5) ^s/^>^f*lt^ 7FMfeM#5ppm£AT<7>A r ^^|AU 
*JE£ 1 OmTorri tfc^, S# 1 1 LXR F W.Mfrbmj£<Dm,fc$:WlXl U 
Ky^^^Lfc [J& 2 0 121 (d) - (e) ] „ ;£co&#jj: N # 
*JE?j2mTorr, 2 0 0 w\ mmmH 5fP t Ltz B 
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(C8-6) ^>y<?y?mm'&. ^y?-^ymfrt,&mTi&mttmm<Dj&mM2 

0112 ^IWi^W^-^y M:fttt, ->-KgW©^-^yF 

H-CW,,Cr I2 ^ : 3N) £fflV^fc 0 

flfeW^liUlfeMl £l^#<>: IT, J|fltj£#A 1 /N i P/WC r/C r/C o 

c r t afrhtez>mfs.§zmmfr [KTt-ra v (dosd) ] * 

(HWJ9) : DOSDOW 

*«-0tt\ HlfiWiofiafclil^tSiiDiiisiwBili:, gft 
£Br£oife*#fflfcfc:»i-xeo&fT3 i £ *>K, igswtfff^lgDtl 

mi-zm&<D&xntm+<Dm^mmmtz&t>i£x^Ltz 0 

£3X1 0" 9 Torr£ T'MJEE^, £rz^A L, 1X1 0 - 7 Torrtf)gcJE£fflfU£ 

£#) J fcJBWc 

£#ffjl£fi, X@ (A4) £lg (A5) fcroffltftOXS (C 9- 1) ~ (C 
9-3) ZfeMI-Zt bi>iz. Ig (A 6) ilg (A 7) i(DF H li:^©ig (c 

9-4) ~ (C9-8) ^ii»PLfc 0 

(C9-1) xyf^^^ilifflWtelill, fl&ffi©Sfr*/i'^-*r^ 
tbt/cio M LfcftSftl l ^:/fc:T, 2 0 oTCfcanMifcft Lfc 0 
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(C9-2) Mirt^iWSfl^X^iAL, 1X1 0- T Torr©^)±#| 
%Hzt3\,^xm& 1 l«fffiMit'3 58>R)#*Lfc[SK2 lg(b)-»(c)]. 
(C9-3) g£^f#*4)>*A£f?Jt U &Mtf>f!lM£££ 1 0 - 9 Torr££ T? 

(C9-4) i'-KIl 2^jSLfc»JiIli>?,xyf y^rtl;, M!2<7)g 

(C9-5) ^y^y^rtfc, 5ppm£*T<B A r ^HAL# 

*JE£l OmTorri Lfc&, gfr 1 1 LT R F bSf fcOfcJBE&BliD U 
K7^i-yfy/Lfc [»21H (d)-» (e) ], -^O^ftii, # 
*J£# 2mTorr, ^11$^ 5 # i Lfc 0 

(C9-6) ^y^-y^mmm, ^yT-^y^frb&mmmmn&mmz., mm 

(C9-7) felirt^iCHi^^^iAL, 1 X 1 0' 7 TorrW^iE#ffl 

M^jo^rsft 1 1 (nrnffizmmx- 3 s^nam^t/i cm 2 1 m (e)-» ( f ) ] n 

(C9-8) mmifx<»mA$:fe± U toltroai^gSrl o-Torr^t-e 
&Ma»fe&JRTifiJif£M<DffclM2K:, 

#J2 irPtait^ HMJ l omt — Vv M£ttx.T, •>-KlW<D^-y 5 'l« 
HtW 2 ,Cr f ^i («& : 3N) fcJB^fco 

te^^ttHifeWl fcPHS£ L"C, mmtilt&A 1 /N i P/WC r /C r/C o 
C r T a -[filTfliftft y (DOS DO) tUffM - *, ] 
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4Wt5H4M^«TOgd [nm] *m&m&$L?<Dmm®mo in 
m] , %.um®im&n*<nmm®£o zzv^&m&d xp\^tcm.x*hz>n&ft 

&C.V. grain, ^j&0J 5 ~ 9 X\m t fc^f*** r t \Z £ £ S^c^T'fc 5„ 

^^i-^5^^ii, ittfctf>fc*(C\ _tx&L7c3oGDf*;|SU (M) , a (WCr) 
(WCr) ©gfUWt^Lt ^TK, Z.hb'DUWcDftm&ft&m 

Lfc, JUil^A 1 /'N i P/C r /C o C r T a ^ ?> & 5 ft^i&^iEi^ft 

xhz> 0 o^«5, itu^ii i x*tmLtzmttX'hz> B 

$Wa (WCr) £fi, HJ£0iJ 1 (OWf-Vy blZftx.X, KJI?FMffl<D* 
"^f H t LTW 28 C r 72 £-& (#£ : 3N) ffiWjfettHlfiW 1 i H5H$ * 

L/c, gflt^^A 1 /N i P/WC r /C r /C o C r T a ft 5J&fCfE$iy& 

l^wcrRt?fe5:i^&, *rtf>£#£?*!ftY (ds) tl^i5:^5t* 

(WCr) MMM3(OVff-7v MCftjft, *>-KJl»*ffl©^ 

-y^HTW 5J Cr 4t ^ (*fi& : 3 N) £^V\ (feO^ttHJSW 3 fc 
Lfc, JUff&^A 1 /N i P/WC r/C r /C o C r T a & 3 
#T*&5 0 o£9, f Rifellgasiis i ttit«!< IiDi»6)!E 9 , v— K 
IiSWCri-efc5lii>f), (SD) tf#ix.5ct^f 

•ffcfr^ I5i©#^|j: > SftHTNiPfeo^lt'lSLfcAlSS 

fi^^WC r B£li;t-CV*5. a (&0 ttittfcflij 1 <Onn, a (WCr) - 
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y (DS) tt$%0!l 2 OfttFk /3 (WCr) = y (SD) ItmMM 4 <D&& % y (DSO) 

itmmm5(Dun, y (sdo) fixifcflieattfh y (dos) c£H»j 7 <7m£k 

7 (DOSD) ttgjttfll 8 Ottfh v (D0SD0) ttllJfe^J 9 W^T'fe 5„ 



^5$ 









US 












d [nm] 




a[ 


nm] 


C. V. 


grain 


Hc[kOe] 


AM 


a (M) 


1 0 . 


8 


3 . 


6 8 


0. 


3 4 


1 . 


5 3 


10.7 


a (WCr) 


9 . 


5 


3 . 


1 0 


0 . 


3 3 


1 . 


4 8 


8 . 5 


= v (DS) 




















j3 (WCr) 


7. 


7 


2 . 


3 4 


0 . 


3 0 


1 . 


5 0 




= y (SD) 




















7 (DSO) 


7 . 


5 


2 . 


3 5 


0. 


3 1 


1 . 


4 5 


8 . 2 


7 (SDO) 


7 . 


3 


2 . 


2 2 


0. 


3 0 


1 . 


4 0 


8. 0 


7 (DOS) 


7 . 


3 


2 . 


1 0 


0. 


2 9 


1 . 


4 6 


7 . 9 


y (DOSD) 


7 . 


5 


2 . 


0 4 


0. 


2 7 


1 . 


6 0 


7.3 


7 (DOSDO) 


7 . 


2 


1 . 


8 5 


0 . 


2 6 


1 . 


4 7 


7. 0 



[a (WCr)£ y (DSO) (BJtlfe, 0 (WCr) £ 7 (SD0)tf>Jfc«] 

(I) I1D (F7^xyfy^) *J«tOtXSS KJiJ&fifc) J&» 

ISO (&i!f#®) lSDtISS*fT9)|# 

£Rffift<. 13:13: £Ttf>M (d, a. C.V. grain, AM) #&»-f-5 0 /c£l\ 

(II) «HC, y (DSO)iQ^-g- [a (WCr) tCX®0*riiJP Lfc»^] fi x ?J*,tg 
#9. 5^P,7. 5|C^>f5ttt,|:, IfMlfe3. 10/$>b2. 3 5^4 

(III) fc£U lSD-IiS-lSO©«tfT5*^ [7 (DSO)] iO, Ig 
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S^T.UD->T.MO<Dm{Zft?m£ [-y(SDO)] (DjjA^ J; I? ¥-&>%L® t ^MU 

m>'h£ < &3Mfa£^u r <Dm$uiT.mo<omAmt m zxh& 0 

[ y (DSO) Xliy (SDO) t y (DOS) bP>it$&] 

(iv) isd (F7^x. 7 fy^) (o'&KT.no mmmm) ^n^x^bxu 

S (~>-KJI^/&) ZLtzjj [y (DOS) <7)^-£ ] flS, IgDiliSWiCIi 
0£f?9 [y (DSO)Xtty (SD0)<Di§-£] <fc 9 , $ h iZ±X <D&m& £ 
[ y (DOS) t y (DOSD)Xtt y (DOSDO) t tf) Jfcffc] 

(V) y(D0S)(C % g2©I|D (K7-Y xyfy^) 9 [y(D0SD)» 

i§£] , I2CI1D (K^^y^i^) <Dft!llC|jl2 ©HO (B^^ff) £ 
ii^P-r^^i: [y (DOSDO) ©f^] lUot, WiIMl2£fbtC/h£<&^ s 

Tiffin 1 3cD^ H B B ^oa±{k^«]$lJ-r6 0T', ^WlUM^ttCol^ 

f&ftt-fz&mTmm i ^^^^xcom^^h^^m^mm i 4^ 
fttstixftzm^mmmftx-tt* ^mrmwi s&M&-rzc (200) 
sarftu ^©±ic^tt^MSi 4#^ t ??*^, w &-g L - c (110) gaisjL 
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zoimmw&Mz^tzMmiz. M%.m&<D£itmmbLxBW-fz>zbte<. $ 

±15® J: 9, f ra«axms:xeDoaT?xso«:tTV\ WUgS^ 
m^m<D^m. MtftttKnmm. mm.&hz^it#mya%i?&if$ELxi$'Q , 

g£*l5<£>T% ±X(DWB (d, a, C.V.grain, AM) & £ h Z frit b 

±IE(D«t«J, igD, Igo, xgsoJgfcfrofc^ra&gixgK:. 

jst&ji 1 3 bz<7>±<D&m&&mm 1 4ii, kji i 2©tiwt5W 
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a>?)45^-Kli 2t^ftfc3E#l ® & tc » # $ -fr fc »5IS 

not, 0fao«ft»ttSr#i-SISEfrS:»j«-f-5fcJi>K:, ^mTittjf 1 3 

#a«5ti#tt©^flcas^st»iiit?*5o-c, &#B*ff0>& attest isj±l 

(HIMl 0) : MDl&ft: 

#0>|-C«:, S^i LX. al^^N i P^o^Jp-eMLfcA 1 S«Kttx.T, 
C o £##f£-£f;:N i PfcoJifllLtA 1 StS (Mlft^tS) 
V^SJBWH:, Jfc»0« 1 tl^ii: Lt, MjgtfA 1 /N i PCo/C r/C o C 
r T a ^P,^51IIEil* [»Tttt^6 (MD) iPf 1 ^fffiLfc. 

o$*K (MD) £Jt«0!l 1 IC&Sffcfta OS) i©Hf± % £ 
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(mmmi n :mdsi«: 

*#lT'te, LT, ilttON i PfcotlT'»«Lf;A 1 S«tcft^T, 

C o £*#f$*fcN i PfeotiftlLfcA 1 S« (Mil*) &fflv\5El*»±, 
HM0II2 tPfilfc LTx JIfllJ&tfA 1 / N i PC o/WC r/Cr/CoCrT 
ari»P>/j:3iB^fa»&# [WTT'fiKWfi (MDS) kWW-TZ> 0 ] Jf^lLt 

o**) % *«f9^«5it^« (mds) kmmm2izmznna (wc r ) £<*>g 

o(DKr4^Jt^i-5r if, Sfr##t£ (tmNiPllcco«:*ffJ*fc 

mmm 12) : msdii* 

*«»jT-fi, mwt l-c, a son i P6otit»«LtA 1 mm^ttz.x. 

C o £##f£-&fcN i P«)o#St?»aiLfcA 1 g& (MS*) £ffiv>3J£Wfi, 
*tW4 tl^i LT, JUSfifcflSA 1/NiPC o/WC r/Cr/CoCrT 
a^&4f60IMfttt^ [WTT'ttK^S (MSD) <t^-T5 0 ] £f£$[Lfc,, 
o£!K *Wfc%ZUn8 (MSD) £Hi£#lj4 fc«3«*f0 (WCr) i©i 

KD&mzttmi-zzkx^ (tmNiPgtco^iifjffc 
mmm 13) .• md s oi<$ 

*WCtt, Sfrt LT, m%<DN i PfcotiX'iSLtA 1 S^(Cftx."C, 
C o ££#f£-frfcN i P*o#gT?#JILfcA 1 (MgftO v>^J£i^»i x 
mMM5 tmmtLX. gflftftfA 1 /N i PCo/WC r/Cr/CoCrT 
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a #>&&£ttft1BftjKtt [KTT'IJ^S (MDSO) £0^-t5 o ] £f£ISLfco 

o$ O , (MDSO) 5 (MDSO) t©lll 

S***£Jt8-f 5: i-C*. SttftMi (1-*t>*,N i PliCC o **#f$-&fcSb*) 
(Hife0iJ14) :MSDOM 

C o£##r£-g:fcN i PfcotifSSLfcA l g& (MSfr) £ffl^5«#tt, 
^Jfe^j6 tl^iiLt, mMtft&A l /N i P Co/WC r/Cr/CoCrT 
a*»P>/£5«E^IB»SIEfr [ftTtli^S (MSDO) bW%f-fZ> 0 ] ^flLfc 0 
0, *^tw«5ft»5 (msdo) tMtemeiz&znfty (MSDO) toiii, 

tW£JttSrr5 rirf, (-^ftfr^N i pgu:c o 

(HiS^Jl5) :MDOSlfr 

C o £##f£-£fcN i Pfco^IftlLfcA 1 St (MSft) £ffll^jgl*M±, 
^1S0|7 tl^^t LT, IM^A 1 / N i PC o/WC r/Cr/CoCrT 

a»»?j/j;5Bat^iBSie«c (mdos) t ] £f£jKLfc 0 

o£ «9 , «JfC# (MDOS) iUffiflm^SSWy (MDOS) b<Dm\*. 
ft^SrltlSE-t-Si tt?, Sftftffte (-Tftfr^N i PJgfcic o £=&#f£-ti:fc$j^) 

#2 3ig^fi, *«t«5c o*#tn i p/a i ste*fflv\ mmm7 

(HWJ 1 6 ) :MDOSDg£ft: 
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mmms tmmt t-c, s*j«#a i/nipc 0 /wc r /c r /c o c r t 

a*»fe*5«fiEft|SE{|: [filT-CI4tt»« (MDOSD) bvtft-rz.o ] SrffcRLfc. 

o£9, *«9J{C#5^5 (MDOSD) £H)fc0!|8k:tt<5tttty (MDOSD) <b 

(^Jfe0iJ17) :MDOSDOifr 
*fliJT-(i, S#<b U ( iI#<DN i Pi()o$lf»|LfcA 1 S«(cft^.T, 
C o£##f£i±fcN i PftotltHLfcA 1 Sfe (M£#) &JB^3Et*tt, 
^J&#J9 £H3$£ LT, mm&tfiA 1 /N i PCo/WC r/C r/C o C r T 
aa»6 45«ftB«Mtfl: [«T"Cf±f*)|sf 5 (MDOSDO) t^t5„ ] &fls«Lfc. 
»J v ^J{C#5^5 (MDOSDO) k%mW9iZ&Z>Wft y (MDOSDO) t CO 

ftC.V. grain, HJS0iJ 1 0 ~ 1 7 -CftlS! Lfc#«»r t fc* t «>fclS*-e*> 

So 

$e>t*6*{cf4, ttmotzfriz^ i^Lfcw^o (M) o^fc^^tt^ 

Wo (*) mteWlOis- KJISrRJt-f, te©£fiiSi60>li 
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